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I N T R O D U C T I O N 
1 
Surfactant, surface active agents or detergents 
are amphlphlllc, generally organic and a few organo-
metallic compounds-, which associate in water to form 
molecular aggregates of Colloidal dimensions, Amphi-
philic molecules possess distinct regions of hydrophobic 
(water repelling)'and hydrophilie(water attracting) 
character. This dual, hydrophobic and hydrophilic, 
nature of the molecule is an essential condition for 
surface activity . Depending upon the nature of the 
hydrophilic head group attached to the hydrophobic portion, 
the surfactant may be classified as cationic, anionic, 
nonionic and zwitterionic. Industrial preparations of 
2 3 
cationic and nonionic detergents have been reviewed ' , 
Naturally occurring amphiphiles include simple lipids 
such as carboxylic acid ester, complex lipids for example 
fatty acid esters containing phosphorous, nitrogen bases 
or sugars, and bile acids such as 6holic and deoxycholic 
acid 
Depending upon the types of surfactant and 
solvent employed, amphiphiphilic surfactant molecules 
can ass&nble to form a variety of aggregated structures 
such as "normal* micelles, inverted "reverse" micelles, 
9-24 
or synthetic vesicles , Aqueous solutions of amphl-
philic molecules, at a minimxjm concentration referred 
to as the critical micelle concentration (CMC), associate 
dynamically to form normal micelles. At surfactant 
concentration near the CMC such micelles are thought 
to be roughly spherical, with the hydrophlllc grou^ js 
directed toward and In contact with the aqueous 
solution, thus forming a polar surface, while the 
hydrophlllc alkyl tails are directed away from the 
water forming a central core (figure 1 ). Various 
structural transitions could be formed by simply vary-
ing the Surfactant concentration. For example, by 
•Imply Increasing surfactant concentration, hexagonal 
packing of surfactant cylinders could be formed, which 
are changed to lamellar form at higher concentration. 
On further Increasing . concentration the lamellar 
structure is converted to a hexagonal packing of water 
cylinders. The addition of oil and short chain alcohol 
leads such water cylinder to be converted into water-In-
oll mlcroemulslons (flg,2). These transitions are 
reported to be affected by translatlonal and rotational 
25 
contributions of the molecules 
Depending t^ on the nature of the hydrophlllc 
head group, micelles can have either cationlc, anionic, 
awltterlonlc, or nonlonlc surfaces. Typically, the 
CMC's are In the 0.01 - lOoOO mM range with each micelle 
consisting of 40 - 180 monomers * , 
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Surfactants In a polar so lvents , in the presence 
of t races of water, associate to form so cal led 
"reversed" or "inverted" mice l l e s . The s t ruc ture of 
these aggregates i s inverted compared to t ha t of normal 
micel les and can be thought of as a surfactant-entrapted 
water pool in the bulk hydrocarbon solvent (fig,3)0 The 
s ize and p rope r t i e s of reversed micel les vary with the 
^18-20,10,26 
amount of water present 
Upon sc^M-cation above t h e i r phase t r a n s i t i o n 
temperature many long chain sxirfactants assemble to 
form single or multi-component b i layer v e s i c l e s . Com-
pared to mice l les , the k ine t i c s t a b i l i t y of ves ic les i s 
much greater as in t h e i r size(2,000-10,000 monomers/ 
v e s i c l e ) . Also they are more "regid" and entrap and 
12 1 6 19 
retain solubilizates * ' , Some of the general 
features of these three types of surfactant aggregated 
systems are summerized in table I« 
The critical micelle concentration of a surfac-
tant, above its Kraft temperature could be easily de-
termined by plotting concentration versus change in the 
physical property such as electrical conductivity, 
density, refractive index, surface tension, flow 
property such as viscosity, optical or spectroscopic 
properties including luminescence of a non interacting 
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dye, etc. The concentration corresponding to the 
change in slope is generally considered as the CMC 
(fig.4). Other techniques for the determination of 
CMC include dye solubilization, water solubilization, 
NMR, solubility, and proton inhllatlon techniques. 
The techniques such as laser light scattering, self 
diffusion, ultracentrifugatlon, manbrane osmometry, 
quenching of fluorescence and viscosity are used to 
determine the size and shape of the micelles. 
Mixed Micelles 
• • • - I - I - I - I . _ u 
When more than one surfactant are present in 
aqueous solution, they form a mixed micellar system, 
and the effect on surface activity of a mixed surfac-
20-22 tant system is superior to that of the single one 
The properties of surfactant solutions depend on the 
structure of mixed micelle i.e. the size, form and 
arrangement of components in micelle. In the case of 
mixed micelles whose components have the same ionic 
nature i.e. ionic-ionic or nonionic-nonionic, the 
structiore of mixed micelles is expected to be similar 
to that of each single micelle, it means that mixed 
micelles are formed in the same manner as the single 
micelle, in which specific interactions between 
10 
CMC 
f(Co) 
Fig. Zi Change in physical property as 
a function of surfactant concen 
tratton , Cp • 
11 
different surfactant molecules have been excluded. 
Therefore CMC of mixture of Ionic-Ionic or nonionic-
nonlonlc surfactant In aqueous solution and also the 
2 3 24 27"» 31 Kraft point have been predicted theoretically * » ' ^  
However, It Is difficult to predict theoretically the 
CMC of the mixture of nonlonlc and Ionic surfactant In 
32 
aqueous solution because of specific Interaction 
between components and also because of the difference 
in status of hydrophobic and hydrophlllc parts of 
components In the mixed micelles. 
A nvunber of solution properties for mixed 
surfactant system have been studied such as electron-
33 34 35 
migration , NMR spectra and electrical properties 
The composition of mixed micelles have also been 
3 6*- 38 
reported . The studies of the solution of mixed 
surfactants have shown that the CMC value, the 
Ionic composition,and the dissociation of micelles 
changed greatly, depending on the valence and the 
39 40 Concentration of each counter Ion * , To expl^ iln 
changes In CMC, Shlnoda formulated some theoretical 
00-4 2 
equations . The size of micelle of Ionic surfac-
tant has been reported to Increase with Increasing 
43 lonlc-» strength of the solution . Pseudo phase 
sepratlon models have been developed to treat mixed 
) 
u 
mlcelllzatlon In binary surfactant mixtures. Generally 
20 23 44 
these models ' * assume ideal mixing of the surfac-
tant in micelle and allow calculation of the mixed CMC 
as a function of the overall composition of the mixture 
and the CMC's of the individual components, Explicite 
treatment of the monomer concentration and micelle 
45 
composition have also been included « The pseudophase 
separation approach has been quite successful in predi-
cting the behavior of both binary nonionic and binary 
ionic mixtures of surfactants; particularly when the 
surfactants have the same hydrophilic group. Recently 
ideal mixed micelle modeles have been extended to two 
phase system 
In the case of binary mixtures of nonionic and 
ionic surfactant or of surfactants with different hydro-
philic groups, significant deviations from the ideal 
model are often observed. This has led to the develop-
ment of pseudophase separation model where nonideal 
mixing in the micelle is treated via a regular 
solution^^»^^»^® approximation thus allowing interac-
tion between different surfactant components in the 
micelle to be included. Recently a "mass action model 
of mixed micellization" was given, which may be preferred 
over the simpler pseudophase separation model for micelle 
13 
4 9 
aggregation number less then fifty . Recently mixed 
micelle formation was studied between surfactants and 
50 phospholipids and between anionic surfactants and 
51 polythiols 
The micelllzatlon equilibrium for Bury-Hartley 
mass action model for mixed binary Ionic surfactants 
(49 ) 
with a common counterlon Is 
+ Kv -N(1-B) 
XNR^ • (1+3i)NR2 • BNM '^  ^ ^ ^' " B ^ N . . . (1 ) 
where R. & Rj are the monomers of surfactant, M Is 
the surfactant counterlon, (R^Ro ^ ^ N ^^ ^ mixed micelle 
composed of N surfactant monomer and BN counterlons, 
and X Is the fraction of monomer of surfactant In the 
mixed micelleo For nonlonlc mixture the surfactant 
monomers and micelles are of course unchanged and M 
does not enter the equation. Then the model Is a limit-
ing case of the Ionic model with B«0. 
If there are severe positive deviation from 
Ideal mixing of the surfactant chains In the mixed 
micelles the micelles can became thermodynamically 
unstable and demlx Into two stable coexisting type of 
mixed micelles with different compositions which are 
called blnodals so the mlcellar demlxlng occur when 
the micelle composition Is between blnodal composition. 
4 
The critical micelle concentration and micellar 
shape & size depends on the following factors; 
Hydrocarbon chain Length and Structure; 
Critical micelle concentration depends upon 
the nature of nonpolar chain of the surfactant. 
Generally, the critical micelle concentration is dec-
reased as the hydrocarbon chain length increased. For 
the same head group, compounds containing larger hydro-
carbon chains form micelles at lower concentrations 
than those of shorter ones. The variation of the CMC 
n 
with chain length/for a given homologous series has 
been reported to follow the equation; 
log CMC « a^ - a n .,. (2) 
where a^ and a are constants^ * ^ '. Lengthening of 
the hydrocarbon chain causes an Increase in the micelle 
size. The larger hydrocarbon chain provides greater 
driving force for micellization than the shorter ones, 
hence in the former case the micelles are formed at 
lower concentrationo The position of the head group 
in the hydrocarbon chain also affects the CMC. If the 
the 
head group is closer to the centre of/chain, the CMC 
will increase due to the two branches of the chain 
24 partially shielding one another . 
u 
Temperaturej 
The variation of CMC with temperature Is 
much Smaller than the effect of change of number of 
carbon atoms In the side chain of a surfactant. 
The variation of temperature on CMC Is similar to 
gases and 
the solubility of/several nonpolar substances In 
water In the temperature range 10 to 70 C 
which Initially Increases and decreases with further 
rise In temperature » A minimum In the CMC values 
with Increasing temperature has been reported and the 
temperature corresponding to the lowest CMC values 
has been called T^ jijj . For nonlonlc detergents the 
56 
CMCs decrease with temperature upto an optimum value , 
Including that dissolution effects on both hydrocarbon 
and polyoxyethylene chains of monomers may be so large 
that they out weigh possible effects of thermal 
agitation In breaking up the micelle* 
The size of micelles of Ionic detergents 
57 decreases with temperature , an effect again due to 
thermal agitation. The size of nonlonlc micelles 
58-60 Increase rapidly with an Increase In the temperature 
which may be due partially to the Increased monomer 
hydrophobiclty and partially to geometric considerations 
based on different configurations of polyoxyethylene 
chains at different temperatures affecting the mode 
of packing of monomers in the micelle. 
Pressure x 
The CMC of surfactant has been found to 
increase upto pressure of about 1,000 atmosphere and 
61 ft? 
decreases with further increase of pressure ' 
This indicates that the soap molecules present in the 
micelle core are in a more expanded condition than 
present as the monomer in solutions. The initial 
effect of pressure tends to compress the micelle and 
mitigate against the increased freedom of monomer in 
the micelle, thus giving rise in the CMC. The decrease 
in CMC on increasing the pressure above 1,000 atmospheres 
has been interpreted due to an increase in the dielectric 
constant of water, making less electrical work necessary 
to bring a monomer into a micelle. 
Effect of counterions and additives on CMC: 
The role of counterions in micelle formation 
has been the subject of considerable interest 
From monomeric ions ionic micelles are formed, in this 
system there results a balance between hydrophobic 
interactions between the hydrophobic part of the 
17 
amphlpathic micelle forming Ions, electrostatic Inter-
action between their hydrophlblc parts as well as with 
and between counterlons. The strength and Importance 
of the various Interatlonsdepend upon the controllable 
factors such as temperature and Ionic strength, upon 
the properties of particular Ions or molecules Involved 
and also upon the concentration and structure of the 
resulting micelles, particularly on its association 
number, its shape,and compactness of the electrical 
double layer. 
The CMC of ionic detergents decrease on addi-
7 4-78 
tion of salts because the screening action of the 
simple electrolytes lowers the repulsive forces between 
the polar head groups and less electrical work is 
required for micelle formation. The size of micelle 
increases with increasing salt concentration due to the 
reduction in electrical repulsion affecting the balance 
of forces upon which the size of micelle depends, while 
the effective charge on the micelle increases with salt 
concentration* The CMC and,micelle size of nonlonlc 
79 80 
surfactants slightly decrease with salt concentration ' 
The effect of salts may be due to a reduction in the 
hydration of monomers which increases their hydropho-
bicity and consequently their tendency to micelllze. 
n 
The effect of some nonelecrolytes like urea , 
8 2 
dloxane and various other amides into aqueous surfac-
tant solution of ionic and nonionic detergents have been 
shown to increase the CMC . Urea is generally 
believed to break the structure of water and to decrease 
the structuring of water around the hydrocarbon chains, 
hence reducing the driving force for micellization. 
The effect of alcohols of varying chain length on the 
86-93 CMC and aggregation number of a series of ionic 
surfactants has been investigated in detail. it was 
concluded that higher alcohols associate with the micelle 
81 
and reduce the charge density of micelle surface 
Theories of Micellizationj 
Micelle formation may be considered mainly by 
two approaches. The first approach is the pseudophase 
theory where the micelle is treated as a separate but 
9A-
soluble phase, which begins to form at the CMC o Hence 
the CMC is the saturation concentration for monomer, and 
the concentration or activity of the monomers should not 
95 9ft increase above it ' . The second one is the law of 
mass action model where the equilibrium between monomers 
and micelles is maintained, the activity of the solute 
increases as the concentration is increased above the 
49 CMC . 
19 
For nonionlc detergents the equilibrium can 
be written as 
n (monomers) ^ • • -j^  micelles ... (3) 
>"• <inJc/<^"mon ••• '" > 
where K is the equilibrium constant, and activities 
have been replaced by concentrations. On the other 
hand for ionized detergents the equilibrium can be 
written as: 
n (long chain monomer ions) + (n-P) counterion 
— ••^ micelle «,. (5) 
K - C . /C" C ^""P^ .,. (6) 
mic' mon c .«• \o/ 
where C is the concentration of counterions, p of which 
are not bound to micelle, e.g« the degree of ionization 
of micelle, o^« P/n. Using an arbitary value K^l, the 
concentrations of various species have been calculated 
for micellar aggregation number of 10 and 100 for non-
97 1 9 8 
ionic detergents • At lower aggregation number, 
there is an increase of a monomer concentration about 
the CMC from the mass-action treatment and none for 
pseudo-phase one* The pseudophase approach has been 
based on the observation that the monomer concentration 
above the CMC was constant which was confirmed by the 
99 1 00 
constancy of surface-tension above the CMC * o 
20 
Thermodynamics of Micelllzation; 
The process of micelllzation involves the 
reversible self association of N-monomerlc amphiphile 
molecules into micelle (M), for all values of monomers 
(m) from 2 to 06, Considering the amphiphile solution 
not subject to thermodynamic non-ideality from interac-
tions other then self association the equilibrium can 
be written as 
Nm ^ M ... (7) 
The equilibrivun constant of this process is given by 
where C and c.. are the concentrations of monomer and 
m M 
micelle, respectively (under the present condition 
101 
concentrations can be used instead of activities) 
At equilibrium we have 
U^ 'MH .. (9) 
Where '^ and -^ are the chemical potentials of monomers 
and micelle represented as 
A^m "/^m + RT In C (monomer) .. (10) 
• RT In C„(Micelle) .. (11) 
From these relations the standard free energy of 
micelllzation, A<3°» per monomer may be given as 
AG° « RT In C - RT/N In C„ .. (12) 
m M 
« RT InC^ • RT/N InN - RT/N InC' .« (13) 
2i 
»men C' » NC„, and in equation (13) we write that 
1 02 C - Cuic The standard free energy of micelliza-
m . • 
tdon AG°i is the overall free energy change which 
involves free energy contribution due to transfer of 
hydrophobic part of an amphiphile molecule from aqueous 
mediiim to the micelle, electrostatic interaction 
energy, and interaction energy of micelle with the 
solvent component ^^f*^' (^^ )• Therefore the total 
free energy change may be expressed as 
^G° » A G ° • ^G° + AG° ... (14) 
whecft ^ G** (which will be negative) is the free energy 
change associated with the transfer of hydrophobic part 
of the amphiphile molecule from the aqueous medium to 
the micelle interior of aggregation number, N, A G e 
(which will be positive) is the free energy associated 
with the electrostatic charge repulsion of the polar 
head group, and <^G° (which will be positive) is the 
free energy change related to the hydration of the polar 
groups at the micelie-water interface. In the case of 
nonionic micelles the term A G will be absent, while 
in the case of ionic micelle the opposing forces will 
be due to ^ G ° + A G ^ . These opposing forces are 
responsible for micelle having a definite size and have 
10 8 been reported to originate from hydrophobic forces 
2" 
In dilute solution the aggregation number 
extending 20-30, the free energy of micellizatlon can 
be represented by the following equation 
A G ° ^=^ - RT In CMC (15) 
By temperature variation other thermodynamic parameters 
can be related as -
m 
din CMC 
dT 
AsS- (^H°. ^G- )/T 
(16) 
(17) 
Importance of Micelles: 
Surfactant solutions are known to increase 
the solubility of slightly soluble organic compounds "^^ ' 
Before the advent of surface-active agents on an indus-
trial scale, water insoluble drugs were brought into 
solution by tedious and undesirable method of two compo-
nent solvent. With the discovery of the phenomena of 
micellar solubilization the pharmaceutical applications 
112 113 
soon became wide spread * , 
Micellar systems can provide environments, in 
which molecules can undergo reaction, quite different 
from those of simple aqueous systems. Reactions between 
ions in solution are specially influenced by the presence 
of ionic surfactants both above and below their CMC's, 
23 
Mlcellar systems are increasingly being utilized as 
reaction media. By carefully selecting a proper 
micelle, reaction can be controlled to desired rate. 
In many instance the products and stereochemistry are 
also affected. Micelle can provide different micro-
environments for different parts of the reactant 
molecule. This is because there is a nonpolar, hydro-
phobic core that can provide binding energy for 
similar groups on the reactant, thus solubilize it, 
and a polar, usually charged, outer shell that can 
interact with the reactants polar groups. Hence based 
on electrostatic consideration, it is possible to pre-
dict qualitatively the kinetic effects or reactions in 
micelle» For example, hydrophobic substrates are 
solubillzed and counterionsare attracted to the micelle 
so that a cationic micelle should assist the reaction 
between a neutral molecule and anionic nucelophile while 
anionic micelle will inhibit such reaction . 
Practical applications of micellar systems have been 
reviewed^ "^'^. Micellar solubilization plays a Central 
role in many analytical applications of such systems to 
shift the position of an equilibrium reaction to the 
11 a 119 »1 28 
desired side ^  , enhanced the chemiluminescence 
and fluorescence''^^-"'^^ intensity, allow for room temp-
1 24 
erature liquid phosphorescence , among others. 
24 
It is well dociimented that solubilization 
properties of the surfactants could be modified by-
some additives, also called builders; knowledge of 
mechanism and thermodynamics of the solubilization 
process of dyes and other organic solubilizates in 
presence of simple molecules such as alcohols and 
salts would be of great interest in finding the 
role of various forces (Supravide) and also in illu-
cidating the mechanims of solubilization, specially 
those of complex biological systems in the lipid 
1 25 phase . Insplte of the great importance of this 
subject, few thermodynamic studies are available in 
the litrature owing to the fact that their determi-
nation by solubility data as a function of 
temperature would involve the questionable hypothesis 
that the shape, the size and the aggregation number 
of the micelles are unaffected by temperature. 
However, such studies could be safely carried out 
provided the CMC is not affected by the solubilizate. 
The effect of variables would then be only upon the 
CMC of the surfactant. 
It is of interest to examine the effect of 
small addition of short and long chain alcohols on 
the micellar solubilization because the former alter 
2a 
the water structure and the latter are partitioned 
Into the mlcellar interior. 
For a typical solubilization study the aqueous 
micellar solution is allowed to attain equilibrium by 
standing in contact with the excess solute(water in-
soluble compound) in the solid state. By treating the 
1 9 6 
aqueous micellar solution as a preudo two phase system 
we can write 
ks'-J»-7 - kl ... (18) 
where M , A^ , / ^ are chemical potntials of the 
solute in the solid state, aqueous phase and ift the micellar 
phase,respectively. The free energy change involved in 
<b 126 
the solubilization, ^ G may be given as follows 
^ G ^ = - RT In (C^)/ (c^'^) ... (19) 
AO M 
where C and c are concentrations of the solute in 
s s 
the aqueous phase and in the micellar phase respectively. 
It will be of interest to investigate the variation of 
A G ° with the number of carbon atoms in the alkyl 
s 
chain of the amphiphile molecule. The relation in 
equation (19) can then be re-written as 
V M 
AG - ^RT In C^ .0. (20) 
since the term C remains constant within the experi-
mental accuracy. The micellar solubilizations is 
0 7 
C 5 
p r i m a r i l y determined by the hydrophobic I n t e r a c t i o n i . e . 
A G ° . In o the r words, A G ° w i l l be expected t o be 
r e l a t e d t o the nximber of carbon atoms in the a lkyl cha in . 
I t has been found t h a t A G ° was l i n e a r l y r e l a t e d with 
s -' 
t he niimber of carbon atoms in the s u r f a c t a n t chain length 
127 of a v a r i e t y of homologous s e r i e s of d i f f e r e n t s o l u t e s 
This i s i n agreement wi th both the p rocess of t r a n s f e r 
of an a lky l group from water medium t o a l i q u i d nonpolar 
s o l v e n t . The most i n t e r e s t i n g f inding i n t h i s f i e l d was 
t h a t A G ° does not depend upon added s a l t concen t r a t i on 
This was a l so the case for the change i n A G with each 
s 
a d d i t i o n a l CH^  group of the a l k y l chain i n the s u r f a c t a n t 
molecule . F u r t h e r , i t was a l s o r e p o r t e d t h a t A G ^ i s 
independent of i o n i c s t r e n g t h and aggregat ion number. 
None of the c u r r e n t theory gave s a t i s f a c t o r y explana t ion 
t o the opposing fo r ce s due t o f r ee energy change assoc ia ted 
w i th the e l e c t r o s t a t i c change, ( A G ° ) ^ °'**''°^'^ ^^'^ ^^) of 
p o l a r head groups and the f ree energy change r e l a t e d t o 
t he h y d r a t i o n ( A G ° ) of the p o l a r head groups at mice l le 
water i n t e r f a c e . The Deby- theo ry approximation provides 
a very crude e s t i m a t i o n o f / \ G ^ ' . However, i n 
one study where t h i s theory was appl ied in the case of 
21 
ionic systems with no added salt, the term AG^ was 
related to other variables 
A G ° - ANc^ / D^ ... (21) 
where A is Avogadro's number, c the protonic charge, D 
the solvent dielectric constant, and b the miceliar 
radius. Hence the magnitude of opposing forces will 
depend on the separation between head groups, and that 
the area per polar head group can be used as a measure 
105 
of this separation . The area per head group can be 
related to N, for example, assuming the micelle as a 
sphere with radius R, one finds 
NV » 4-n"R^ / 3 ... (22) 
o<.- 4rrR^/N - (3v)^/^(47r/N)^/^ ... (23) 
where V is the volume of the alkyl chain of the amphi-
phile and o(^ is the area per head group at the miceller-
water interface. Therefore the CMC and N are related 
which will satisfy the ea^ression for ©^in equation(23) 
in describing the opposing forces. The magnitude of 
the opposing ^orce could thus be estimated based on 
the knowledge of the CMC and aggregation number, N. 
Interaction of Dyes; 
The interaction of surfactants with ionic dyes 
is an extensively studied subject and many mechanisms 
2J 
have been Invoked to elucidate the formation of various 
1 30"136 
species resulting from such Interactions . The 
studies of spectral changes of a dye arising below the 
CMC when a dye interacts with a surfactant of opposite 
charge have been often • of only qualitative natureo Few 
workers really given information on the nature of 
stability of the species responsible for the spectral 
changes. This is partly because suspensions of insoluble 
salts are often formed and partly because the nature of 
the spectral change is some times not understood. Very 
often the observed spectral change is just a shift of 
absorption maximum that could be the result either of a 
change in dye aggregation or a change in the environment, 
1 31 According to Reevs et al , the species responsible for 
the spectral change appears to be complexes or small 
aggregates containing surfactant in small excess over 
132 137 dye. Some workers * described the formation of 
sulixnicellar aggregates from interaction of dye and sur-
factant of opposite charge. It has been reported that 
these submicellar aggregates are responsible for spectral 
change in the incorporated dyes. 
Interaction of the anionic dye with cationic 
surfactant gives a sharp new absorption band at surfac-
tant concentrations below the CMC to form surfactant 
23 
homorolcelles. The i>and is shown to result from a dye-
dye stacking interaction rather than from a change in 
dye's geometry. Variation of the surfactant dye(SjD) 
ratio has been found to give distinct absorption bands 
characteristic of three disperse states (1) a band 
similar to that of free dye at S:D ratios near the 
equivalance point that is due to a microcrystalline 
suspension of the insoluble salt, (2) the dye aggregate 
band at larger SzD ratios characteristic of mixed micelles 
having a significant population of dye molecule occuring 
side by side with their molecular axes nearly parallel 
and (3) a band smilar to that of dye dissolved in an 
organic medium at surfactant concentration near the CMC, 
E X P E R I M E N T A L 
1.1 " 
M a t e r i a l ; 
Sodiumdodecylsulfate , a BDH product was 
p u r i f i e d by r epea ted c r y s t a l l i z a t i o n from e thano l -
aceton mlxtiJireo I t was fu r the r e x t r a c t e d from 
petroleum e t h e r ( 6 0 hours) and chloroform(100 hou r s ) . 
The svirfactant was d r i ed a f t e r f i l t r a t i o n In a hot 
a i r ovefi a t 50°C. The p u r i t y of the s u r f a c t a n t was 
a s c e r t a i n e d from m i c r o a n a l y s i s , by CMC de te rmina t ion , 
from 
and / the absence of minimum i n t he surface t en s ion 
v e r s u s log c o n c e n t r a t i o n p l o t s . Sodium decyl s u l f a t e 
(SDeS) and Sodium o c t y l sulfate(SOS) were prepared by 
s t i r r i n g an equimolar mixture of the corresponding 
a l c o h a l s and fuming s u l f u r i c acid in an i c e ba th for 
3 hou r s . The mixture was allowed t o r e a c t a t room 
tempera ture for 4 8 hours . The r e s u l t i n g mass was 
n e u t r a l i z e d by sodium hydroxide s o l u t i o n . The surfa-
c t a n t was e x t r a c t e d from n-propanol and then r e c r y s -
t a l l l z e d from e t h a n o l . The CMC of the r e s p e c t i v e 
s u r f a c t a n t was checked by su r face t e n s i o n / c o n d u c t i v i t y 
method. The CMC va lues thus determined agreed well 
w i th the l i t e r a t u r e v a l u e s . Cetyltrimethylammonium-
bromlde was purchased from $lgma Chemical Co., USA. 
I t was r e c r y s t a l i z e d twice from ace tone . Nonlonics , 
T r i t o n x -100 and Brij 35 , both polyoxyethylene v a r i e t y 
3i 
were a BDH product. They were used without further 
p u r i f i c a t i o n . The alcohols v i z . methanol, e thanol , 
n-propanol and n-butanol, were obtained from BDH(995:J 
pvire) while n-pentanol was an E.Merck product (piorlty 
99%). Solvents, other than water, were used as 
supplied. ordinary d i s t i l l e d water was f i r s t demi-
neralized by passing through an ion-exchange coliomn. 
I t was d i s t i l l e d twice in presence of a lkal ine per-
manganate in a l l qu ick- f i t assembly.. Water equ i l i -
brated with atmospheric a i r was used for preparing 
t l ^ so lu t ions . 
preparat ion of Solutionsi 
A stock solut ion of the surfactant was prepared 
by weighing. Surfactant so lu t ions of d i f fe ren t con-
centra t ion were prepared.by appropriate d i lu t ion of 
the stock solut ion with the solvent used. in order 
to study the e f fec t of alcohols on so lub i l i za t i on , a 
r e q u i s i t e amount of alcohol was added in to the sur-
fac tant solut ion during d i l u t i o n . 
R E S U L T S 
32 
Spectra of o i l red in pure solvents namely, 
water, l iquid hydrocarbens, alcohols and in surfactant 
solut ion were recorded. These are shown in f igures(5-8) . 
Molar absorbtion coef f ic ien ts of o i l red in d i f ferent 
solvent systems were estimated from the Beer 's Law p lo t s 
(figures 9 ,10) . Values of spec t r a l parameters of dye 
are given in t ab le I I and l i i . 
For a typ ica l so lub i l i za t ion experiment excess 
amount of s o l u b i l i z a t e ( o i l red) was added in to surfac-
t a n t solut ions of d i f fe ren t concentrat ions in a desired 
solvent . The solut ions were then shaken for a t l eas t 
twenty four hours in a metabolic shaker maintained at 
constant temperature. The attainment of equilibrixim 
was checked by keeping the unf i l t e red solut ions for 
longer period and measuring the absorbence of a port ion 
of the supernatant l iqu id . The c l e a r i t y of the solutions 
followed by constancy of absorbance, within the experi-
mental e r r o r , indicated tha t the solut ions are thermo-
dynamlcally s t a b l e . The solut ions were centrifuged and 
absorbance of c lea r solut ions was measured by a PYE 
UNICHEM Model, PU-8800 UV/vis spectrophotometer at 30 C» 
p l o t s of dye absorbance versus surfactant concentration 
for SDeS and SDS in pure water and in the presence of 
added alcohols(0.1M) are given in figure 11 and the 
33 
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and the experimental data are presented in table IV & V. 
Number of moles of sxirfactant so lubl l iz ing a mole of 
dye, Nj^ , were calculated from the slopes of s t ra igh t 
l ine por t ions of these p l o t s . The standard free energy 
change, /^G°, associated with the so lub i l i za t ion of a 
mole of dye were calculated from the following equation-
•AG3 - - RT ln(C^/C^^) 
where CT and c_ represent tl^ concentrations of the 
solubilizate in unit mole of micellar surfactant and 
in aqueous phase, respectively. The values of N and 
^ G ° in different solvent systems are given in table VI. 
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Figure 5 shows the p l o t s of op t ica l dens i t i e s 
of 4.9x10 mole dm dye against the measured wave-
length in pure organic solvents at room temperature. 
The maximal absorption i s found near 350 and 515 nm 
band. For the same concentrat ion of dye in various 
solvent observed difference in i n t ens i t y seems 
due to the p rope r t i e s (po la r i t y ) of the solvents and 
not due to any kind of associa t ion or possible forma-
t ion of dye isomers. The behaviour of dye in water 
and in aqueous surfactant so lu t ions seems i n t e r e s t i n g . 
In pure water a single peak i s observed at 320 ran. 
AS the concentrat ion of SOS increases and a t t a i n s a 
CMC, the spec t ra l absorption appeared at 500 nm band 
peak 
as shoulder next to 320 nm banc^below CMC). Increasing 
the concentration of SOS above the CMC the opt ica l 
densi ty i s found to increase at both 500 nm and 320 mi 
band(Fig .6 ,7 ,8) . The shoulder at 500 nm takes the 
shape of a sharp peak. The same trend was observed in 
ca t ion ic CTAB and nonionic Tx-100 and Brij 35 solutions, 
A comparison ofA in surfactant solut ions 
*^  ' ' m ax 
and in pure n-alkanols and alkanes indicates tha t the 
op t i ca l p roper t i e s of dye depend upon the solvent pro-
p e r t i e s of the medium and not due to any possible 
formation of isomers. The sh i f t in / from 350 nm 
/Imax 
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in 
In alkanol and/alkane to 320 nm band and the complete 
band 
disappearance of 515 nm/in water indicates that there 
may be a possibility of formation of some new species 
which is hydrophilic in character. The behaviour of 
dye in surfactant solutions in singly dispersed state 
resembles with that in pure water. Appearance of 
shoulders in surfactant solution above the CMC indica-
tes that a major portion of the dye remains in the 
outer surface of the micellar core. It seems difficult 
to comment about the possibility of formation of any 
dye isomer and its location in the micelle interior, 
untill more data is available. Further work in this 
line is in progress in this laboratory. 
Depending upon the nature of solubilizate, the 
phenomenon of solubilization in aqueous micellar 
systems can be divided into three major steps; the 
dissolution of the solubilizate in the hydrocarbon 
core, deep peneration of the palisade layer, and 
adsorption on the surface of the micelle . A s 
a result of very low solubility of the solubilizate 
in water as T rule, the system in the initial stage 
of the process will consist of particles of solubili-
zate, the Saturated aqueous solution and the unsatu-
rated micelles. Therefore the process can be consi-
dered to be undirectional. in addition, the reverse 
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transition o£ the solubilizate molecules from the 
micelles into the aqueous solution Is thermodynami-
cally not possible because the surface solution(or 
ion-solvate) layer usually having properties different 
from the bulk phase and also there is possibility of 
decrease in the dlsorderness of the system. 
To carryout solubilization studies excess 
solubilizate and aqueous surfactant solution is allowed 
to remain in contact with each other until equilibrium 
is reached. The aqueous mlcellar solution .can be 
followed as a pseudo two phase system and the equili-
brium for the distribution of a solubilizate betv/een 
142 
aqueous and mlcellar phase can be represented as 
(1) 
where Ats > Ms ^ and Jjis are chemical po t en t i a l s of 
the so lub i l i za te in the solid state,aqueous phase, and 
mlcel lar phase r e spec t ive ly . 
change 
The standard free energy/2\G , associated with 
the so lub i l i za t ion of a solid so lub i l i za te i s thus 
•J 4 3 given as 
A V As^ ^ ^ A^ " 
Solubilizate(aqueous) ^ Solubi l izate(mlcel lar) 
(2) 
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The s t a n d a r d f r e e ene rgy of t r a n s f e r of a mole of 
s o l u b i l l z a t e from t h e aqueous p h a s e t o m i c e l l a r phase 
can be r e p r e s e n t e d by e q u a t l o n ( 3 ) . 
A G ° = - RT In (Cg"^/ Cg"^ "^ ) (3) 
where Cg and Cg^^ are the concentrations of the 
solubllizate In unit mole of micellar surfactant and 
in aqueous phase respectively. The overall standard 
>f t h e SA 
.142. ,143 
f r e e e n e r g y AG of sys tem of m i c e l l e f o r m a t i o n 
c o u l d be w r i t t e n a s 
A G S ° = /^G^° + A G « ° • AGJ^ (4) 
where A G 0 i s t h e f r e e e n e r g y change a s s o c i a t e d w i t h 
t h e t r a n s f e r of hyd rophob ic p a r t of t h e amph iph i l e 
m o l e c u l e from t h e aqueous medium t o m i c e l l a r i n t e r i o r 
of a g g r e g a t i o n number N, AGg i s t h e f r e e ene rgy 
change a s s o c i a t e d w i t h t h e e l e c t r o s t a t i c c h a r g e 
r e p u l s i o n of t h e p o l a r head g r o u p s and dG i s t h e 
f r e e e n e r g y change r e l a t e d t o t h e h y d r a t i o n of t h e 
p o l a r h e a d g r o u p s a t t h e m i c e l l e w a t e r i n t e r f a c e . 
From f i g u r e 11 i t may be seen t h a t t h e dye 
a b s o r b e n c e does not change a p p r e c i a b l y below t h e CMC 
bu t i t i s found t o I n c r e a s e r a p i d l y a t h i g h e r concen-
t r a t i o n of t h e s u r f a c t a n t s . The r a p i d change i n 
absorLance a f t e r t h e CMC shows t h a t t h e phenomenon of 
.)Q 
micelle formation being similar to phase separation, 
i.e. micellar interior is similar to bulk hydrocarbon 
like. This fact could be substantiated from the 
canparision of solubility values of the dye in water, 
organic solvents and aqueous surfactant solutions 
(table II). The data clearly indicates that the 
solubility of dye is much higher in micellar solution 
than in the bulk water. The data also provides that the 
dye solubility in the bulk organic solvent is only an 
order of magnitude higher than in the micellar solution, 
although values of molar absorbance coefficients and 
^ in all the solvents media do not change appreciably 
This clearly indicates that micelles provide favourable 
non-aqueous environment for the solubilizate. The 
linearity of curves at higher surfactant concentration 
and the stability of transparent, homogeneous super-
natant solutions clearly indicatasthat the solubilized 
systems are thermodynamically stable. The standard 
free energy of dye solubilization, ^ G , in all the 
two anionic surfactant solutions were calculated by 
using equation (3). 
In table VI values of /ic and the number of 
surfactant molecules per molecule of oil red in 
micellar solution in presence of 0.1M alcohols, N are 
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g i v e n . The r e s u l t s i n t a b l e VI show t h a t in aqueous 
m i c e l l e s N^ i s h ighes t for s u s and lowest for SDeS, 
In d i s c u s s i n g the r o l e of 0.1M concen t r a t i on 
of a homologous s e r i e s of n - a l k a n o l s on N_^  and^^G°, 
s e v e r a l i n t e r e s t i n g e f f e c t s have been observed . The 
number of moles of s u r f a c t a n t bound per mole of dye 
dec r ea se s wi th i n c r e a s e i n t t e chain l eng th of a l coho l . 
On the o the r hand the f ree energy of s o l u b i l i z a t i o n 
becomes more nega t ive from water t o n - p e n t a n o l . Thirdly 
the s lopes of s t r a i g h t l i n e s ( F i g . 1 1 ) , a l so inc rease 
wi th i n c r e a s e i n the s i ze of the a l c o h o l . From these 
o b s e r v a t i o n s i t i s c l e a r t h a t the na ture of t he so lub i -
l i z e r , a d d i t i v e and s o l u b i l i z a t e d r a s t i c a l l y inf luence 
the mechanism of s o l u b i l i z a t i o n . The decreased va lues 
of N and^G i n higher a l coho l s suggest t h a t a lcohol 
molecules are t r a n s f e r r e d t o m i c e l l a r i n t e r f a c e forming 
mixed m i c e l l e s which provide rooms for dye molecules 
t o be s o l u b i l i z e d . This e f f e c t r e s u l t s in an inc rease 
i n the s lopes ( f ig .11) and decrease in the va lues o f ^ ° 
of the two sys tems . i t i s l o g i c a l t o be l i eve t h a t the 
i n c l u s i o n of a l coho l molecules t o form mixed m i c e l l e s 
1 44 
causes the aggrega t ion number t o decrease and t h i s 
dec rease is more pronounced i n higher a l c o h o l s . This 
c l e a r l y e x p l a i n s the reason why N„ in t a b l e VI decreases 
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w i t h i n c r e a s e i n t h e l e n g t h of a l c o h o l a l k y l c h a i n . 
From t a b l e VI one cou ld a l s o f i n d t h a t t h e change i n 
AG p e r m e t h y l e n e g roup i n t h e a l c o h o l i s much lower 
t h a n t h e v a l u e fo r a l k a n e s i . e . 810 c a l / m o l e p e r CH_ 
104 fo r t r a n s f e r from aqueous p h a s e t o a h y d r o c a r b o n phase 
T h i s i n d i c a t e s t h a t t h e h y d r o p h o b i c e f f e c t i n t h e p r e s e n t 
s y s t e m s i s much lower and t h e dye i s not s o l u b i l i z e d 
i n t h e mice l i a r c o r e bu t may be a t t h e m i c e l l e wa te r 
i n t e r f a c e . F u r t h e r i t c o u l d be added t h a t t h e mechanism 
of s o l u b i l i z a t i o n i n a l l t h e two s x o r f a c t a n t s seems t h e 
same. However, t h e d i f f e r e n c e i n t h e magn i tude of N 
D 
and A G ° may be due t o t h e i r m i c e l l a r s i z e , 
s ^ 
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